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A simple device is described for desolvation of highly charged matrix/analyte clusters
produced by laser ablation leading to multiply charged ions that are analyzed by ion mobility
spectrometry-mass spectrometry. Thus, for example, highly charged ions of ubiquitin and
lysozyme are cleanly separated in the gas phase according to size and mass (shape and
molecular weight) as well as charge using Tri-Wave ion mobility technology coupled to mass
spectrometry. This contribution confirms the mechanistic argument that desolvation is
necessary to produce multiply charged matrix-assisted laser desorption/ionization (MALDI)
ions and points to how these ions can be routinely formed on any atmospheric pressure mass
spectrometer. (J Am Soc Mass Spectrom 2010, 21, 1260–1264) © 2010 American Society for
Mass SpectrometryLaserspray ionization (LSI) mass spectrometry (MS)was recently introduced on a Thermo FisherScientific Orbitrap Exactive [1–3]. The principle of
this ionization method is that the analyte/matrix sam-
ple is ablated by the use of a laser operating at atmo-
spheric pressure (AP) and ions are subsequently formed
from highly charged matrix/analyte clusters during a
desolvation process. The free choice of charge state
selection demonstrates the utility of LSI for the analysis
of complex mixtures. Singly charged ions similar to
those obtained with matrix-assisted laser desorption/
ionization (MALDI) or multiply charged ions similar to
those produced by electrospray ionization (ESI) [2] can
be selected using LSI. Multiply charged ions are espe-
cially beneficial for providing the ability to ionize by
laser ablation larger molecules such as proteins and
synthetic polymers on high-performance but mass
range limited mass spectrometers such as the Orbitrap
Exactive [2, 3]. Full range mass spectra of bovine insulin
were obtained on as little as 40 fmol when applying ion
transfer capillary temperatures of 350 °C [3].
The unique feature of LSI to produce highly charged
ions using direct laser ablation of a solid surface enhances
fragmentation as was demonstrated by obtaining nearly
complete protein sequence coverage of ubiquitin using
electron-transfer dissociation (ETD) technology on a LTQ
mass spectrometer [3]. Initial laserspray applications dem-
onstrated the ability to produce singly charged lipid ions
from mouse brain tissue under ambient conditions [1].
Using transmission geometry the matrix treated tissue
sections were passed free-hand through the focused laser
beam in front of the mass spectrometer orifice (Orbitrap
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The objective is to observe proteins from tissue.
Ion mobility spectrometry (IMS) MS has many advan-
tages compared with even high-resolution mass spectrome-
ters because of its ability to extend the dynamic range and
separate isomeric composition [4–7]. This is possible because
ions are separated in the IMS dimension according to charge
and cross-section (size and shape) [8–11]. One key benefit of
this solvent-free gas-phase separation by IMS is that when
combinedwith solvent-free sample preparation [12] achieves
total solvent-free analysis by MS entirely decoupling ioniza-
tion, separation, and mass analyses from the use of any
solvent [13–15].
We rationalized that to produce LSI multiply charged
ions from the proposed highly chargedmatrix/analyte clus-
ters [3], a device is required that efficiently desolvates the
2,5-dihydroxybenzoic acid (2,5-DHB) matrix to produce the
highly charged molecular ions. One function of the Waters
Company (Manchester, UK) ESI z-spray source design used
with the IMS-MS SYNAPT G2 is to reduce the background
arising from cluster ions. However, this arrangement is not
satisfactory as a means of desolvating clusters in which the
matrix (serving as solvent) is 2,5-DHB. We, therefore, fabri-
cated a simple device that is mounted on the z-spray ESI
source and provides the thermal conditions necessary for
desolvation and multiply charged ion production using the
LSI method. The benefits of IMS-MS in combination with
direct LSI ambient ionization for the efficient separation and
characterization of a protein mixture is demonstrated.
Experimental
Materials
The 2,5-dihydroxybenzoic acid (DHB) matrix (98% pu-
rity), bovine insulin, ubiquitin (bovine erythrocytes),
and lysozyme (chicken eggwhite) were purchased from
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Acetonitrile (ACN) and methanol (MeOH) solvents
were obtained from Fisher Scientific Inc., Pittsburgh,
PA, USA. Purified water was used (Millipore Corp.,
Billerica, MA, USA). Microscopy slides (dimensions 1
3 in.) were obtained from Gold Seal Products, Ports-
mouth, NH, USA.
Fabrication of the Temperature Device
The fabricated external device for producing a rela-
tively constant temperature is shown in the Graphical
Abstract. This device is mounted externally to the
z-spray ESI skimmer of the SYNAPT G2 IMS-MS mass
spectrometer. Copper tubing (1/8 in. o.d., 1/16 in. i.d. 
1 in. L), was coated with a layer of Sauereisen cement
(Inso-lute Adhesive Cement Powder no. P1) wrapped
with 24 gauge nichrome wire (Science Kit and Boreal
Laboratories, Division of Science Kit, Inc., Tonawanda,
NY, USA) and finally coated with another layer of Sauere-
isen cement. One end of the copper tubing was sanded to
fit through the cover desolvation device (cone gas nozzle)
and over the end of the ion entrance skimmer (sample
cone). The copper tube was held to the cone gas nozzle
with Sauereisen cement. Both ends of the coiled nichrome
wire were connected with alligator clips to the insulated
copper wire from a variac (Powerstat Variable Trans-
former type 116). The copper desolvation device was
heated by application of up to 12 V from the variac. The
temperature measured on the outside of the device was
200 °C.
Sample Preparation
Stock solutions of ubiquitin (117 pmol L1) and ly-
sozymes (70 pmol L1) were prepared individually in
pure water. Bovine insulin was dissolved in 50:50
MeOH:H2O to give a 50 pmol L
1 stock solution. For
the protein mixture, ubiquitin and lysozyme were pre-
mixed using the stock solution in a 1:1 volume ratio and
1 L was used to prepare the LSI sample on the
microscope slide employing solvent-based sample prepara-
tion protocols using 2,5-DHB matrix [16, 17] and pre-
pared in 50:50 ACN:H2O and then dried to complete-
ness. The dried LSI sample was placed in front of the
desolvation device in a distance of about 1 to 3 mm,
similar to studies in which the dried sample was placed
directly in front of the mass spectrometer orifice of the
Orbitrap Excative [1–3].
Laserspray Ionization
The principle of LSI-MS is shown in the Graphical
Abstract and has been described in greater detail previ-
ously [1–3]. The source configuration of the Nanolockspray
ion source not only needs desolvation modifications but
changes to the focusing alignment. This was achieved
by removing the lockspray motor of the Nanolockspray
ion source. A nitrogen laser (Spectra Physics VSL-337ND-S, Mountain View, CA, USA) was mounted so
that the laser beam fires at a 180° angle (transmission
geometry) directly at the ion entrance orifice of the
skimmer of the SYNAPT G2 mass spectrometer. The
x,y,z-stage of the Nanolockspray ion source was used to
move the glass microscope slide used as a LSI sample
holder relative to the copper tube. The LSI sample
holder with matrix/analyte applied was slowly moved
through the focused laser beam.
Ion Mobility Spectrometry-Mass Spectrometry
The SYNAPT G2 HDMS was used to perform LSI-
IMS-MS analysis; a detailed description of the first
generation instrument has been previously provided
[18]. The scan time was set for 1 s. All acquisitions were
obtained for 2 min although sampling of the spot was
frequently completed in a shorter time period. The gas
used for the drift time (td) separation was nitrogen with
a flow set at 22 mL min1. The pressure in the drift cell
of 3.29 mBar was recorded. A wave velocity was set to
300 m s1. The IMS wave height was set from 8 V to 20
V. After acquisition, the data were evaluated using
DriftScope ver. 2.1 (Waters Corp., Manchester, UK)
where 2-D plots of td versus mass-to-charge (m/z) ratio
separation can be visualized. For the display of the 2-D
plots, white background and inverse gray scale was
used as DriftScope settings.
Results and Discussion
A maximum ion source temperature of 150 °C is avail-
able on the z-spray ESI source of the SYNAPT G2. This
was insufficient to produce any meaningful ion current
even for low molecular weight peptides such as angio-
tensin 1 (MW 1296) using 2,5-DHB matrix and the
identical laser and configuration used in previous work
[1–3].Applying the fabricated temperature device (Graphical
Abstract), multiply charged ions of peptides and pro-
Figure 1. LSI-IMS-MS of bovine insulin (MW 5731): (a) The total
ion current and (b) mass spectrum obtained using 2,5-DHB matrix
incorporating the solvent-based sample preparation method.
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Figure 2. LSI-IMS-MS using 2,5-DHBmatrix and the solvent-based sample preparation method of (a)
ubiquitin (MW 8561), (b) lysozyme (MW 14,304), and (c) a mixture of ubiquitin and lysozyme. (1) Total
mass spectra (as if no IMS dimension is employed) and (2) two-dimensional plots of drift time versus
mass-to-charge ratio.
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Figure 1 using bovine insulin (MW 5731). The total ion
current (Figure 1a) shows the continuous ion produc-
tion when moving the sample stage over unablated
areas of the sample showing an increase when heat
(1–84 s) and a decrease when no heat (85–115 s) were
applied. The charge state distribution (Figure 1b) is
similar to that previously observed using the commer-
cially available heated transfer capillary of the Thermo
Fisher Scientific Ion Max ESI source of the Orbitrap
Exactive and the LTQ mass spectrometers [2, 3]. Larger
proteins such as ubiquitin (MW 8561) and lysozyme
(MW 14,304) also produced multiply charged ions in
good abundance (Figure 2.1) using the simple desolva-
tion chamber. Myoglobin (MW 16,951), however, pro-
duced less abundant ions ranging from charge state 10
to 16 possibly suggesting a mass range limit for this
particular desolvation device.
All experiments incorporated ion mobility separa-
tion. In ion mobility measurements, three-dimensional
(3-D) information is acquired; td, m/z, and signal inten-
sity. Frequently, the intensity of a signal is embedded in
a 2-D plot of td versus m/z (Figure 2.2) and visualized
by the use of a color-code. The 2-D IMS-MS plots of
ubiquitin, lysozyme, and a mixture of ubiquitin and
lysozyme are shown, respectively, in Figure 2.2. LSI
ions of proteins fall into families depending upon their
sizes and charge states as previously reported for
biopolymers using ESI-IMS-MS [8]. Further, one can
readily observe the elongated features indicating con-
formational differences within each charge state of each
protein. Similar observations have been reported, espe-
cially for ubiquitin, using a homebuilt ESI-IMS-MS
instrument [19–22].
Many features become noticeable in a 2-D plot.
Without data extraction and time-intensive analyses,
the pictorial snapshot [6] determines readily the pres-
ence of both proteins (Figure 2.2c). By selecting the
specific part of the 2-D plot using the DriftScope, it is
possible to extract m/z and/or td information for any
ion or inset region of interest. This removes most of the
background interference, especially those at lower m/z.
Most importantly, charge state families of different
proteins can be extracted, providing the respective mass
spectrum for each protein.
An example of extracting easily interpretable data
from lower abundant ions is shown in Figure 3. The
mass spectrum of a mixture of ubiquitin and lysozyme,
purposely designed to have a high signal to noise ratio
and to be difficult to interpret, is shown. It is not
obvious from the mass spectrum that lysozyme is
present, and it could easily be overlooked. Because the
mobility dimension provides clean separation of the
multiply charged ions of these proteins (Figure 2.2c),
mass spectra can be extracted for both proteins free of
the other. The extracted mass spectrum of lysozyme in
the protein mixture is shown in Figure 3 and is similar
to that of pure lysozyme (Figure 2.1b). The charge statedistributions are essentially identical with the most
abundant ions having charged state 9.
Conclusion
A simple desolvation device was constructed to convert
highly charged matrix/analyte clusters formed by laser
ablation of a matrix/protein mixture into multiply
charged ions. The success of using a simple heated tube
under AP conditions to produce multiply charged LSI
ions lends further support to the proposal that the
ionization mechanism in LSI is similar to ESI [3].
Further, this work suggests that a similar device retro-
fitted to any ESI source will produce highly charged
ions using LSI. Thus, the ability to produce highly
charged ions using a laser ablation process is readily
available for advanced spectrometers with mass range
limitations such as FT-ICR-MS and, as shown here,
IMS-MS instruments. Solvent-free decongestion of pro-
tein mixtures using IMS-MS technology is especially
promising for tissue imaging applications [1, 3, 14, 15].
Additionally, we are evaluating methods that lower
the thermal requirement for desolvation and charge
production.
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